We investigated three single nucleotide polymorphisms (SNPs) in the mitochondrial sub-haplogroups of the Pima Indians to determine the effect of selection on each SNP and on metabolic efficiency. The SNPs are within genes encoding proteins in electron transport and oxidative phosphorylation, and may affect the efficiency of energy metabolism, including resting metabolic rate (RMR) and respiratory quotient (RQ). They may be adaptations toward an energy-efficient metabolism when this population migrated to the desert and adopted a restricted caloric intake, and they may currently contribute to obesity. We found that two of the three recent SNPs affect RMR and/or RQ. Using the analytical software TreeSAAP, we inspected selection throughout mammalian evolution in 107 species, and characterized the biochemical shift produced by the amino acid substitutions. Our results suggest that two SNPs were affected by selection during mammalian evolution in a manner consistent with the effects on metabolic efficiency in Pima Indian SNP's. Therefore, evolutionary selection favors the recent Pima Indian mutations that result in amino acid substitutions consistent with increased efficiency of energy metabolism, with consequent effects on RMR and RQ.
Introduction
Obesity includes an inherited component that has been associated with greater metabolic efficiency, as manifested in a low resting metabolic rate (RMR) ( Ravussin et al., 1988) and high respiratory quotient (RQ, the ratio of CO 2 produced to O 2 consumed) (Zurlo et al., 1990) . The Pima Indians of the Sonora desert (Southern AZ and NM, Northern Mexico) have been studied extensively because the population exhibits high rates of obesity Knowler et al., 1991) . These high rates are, in part, believed to be a repercussion of a "thrifty genotype" Ravussin, 1993) . Genetic factors that increased metabolic efficiency may have been favored by selection in the Pima population over several millennia because of the advantage they provided during periods of famine-induced restricted caloric intake. However, these are now detrimental with the consumption of the highcalorie western diet, and with changes in traditional agricultural lifestyle (Knowler et al., 1991; Ravussin et al., 1994) . Numerous studies have investigated nuclear genetic factors and their influence on energy metabolism (e.g. Norman et al., 1996; Walder et al., 1998; Ma et al., 2004) . Mitochondrial genetic factors are intimately associated with energy metabolism and beg exploration.
We have investigated SNPs in the mitochondrial haplogroups and sub-haplogroups of the Pima Indians to determine whether some SNPs are consistent with adaptation to restricted caloric intake and would now be detrimental in the current dietary environment. The mitochondrial SNPs are within genes encoding proteins that are subunits in the complexes of the electron transport system (ETS) and oxidative phosphorylation (OXPHOS), and consequently may affect the efficiency of energy metabolism, including RMR and RQ. It is suggested that non-synonymous mitochondrial SNPs may have been selected for adaptation toward an energyefficient metabolism when this population migrated to the Sonora desert and adopted a restricted diet. Further, they may contribute to obesity and its consequent health disorders in an environment that includes consuming the high-calorie western diet.
The influence of the ETS and OXPHOS on energy efficiency is manifest by their impact on RMR and RQ because they affect the volume of O 2 consumed and/or CO 2 produced during fuel oxidation. Hence, SNPs in populations demonstrating obesity while consuming a high calorie diet may be earlier ETS or OXPHOS adaptations to a restricted diet, and the effects of the SNPs may be manifest in RMR and/or RQ.
This study first identifies three mitochondrial SNPs in the Pima Indian population that are recent enough to have possibly occurred during their exposure to a famineinduced restricted dietary environment in the desert. It then examines evolutionary selective pressure on the three mitochondrial sites in 107 mammalian species. It assumes that the evolutionary process normally selects for more efficient energy metabolism, and analyzes the biochemical effects of the amino acid substitutions at the three Pima Indian SNP sites to determine whether they are consistent with adaptation toward greater energy efficiency in the restricted caloric environment. Finally, it includes RMR and RQ comparisons of the Pima Indian sub-haplogroups that harbor the three SNPs with those that do not to demonstrate metabolic consistency with the direction of selective adaptation toward energy efficiency.
Materials and Methods

RMR and RQ data
Between 1982 and 1997, Dr. Eric Ravussin and colleagues measured RMR and RQ for Pima Indians admitted to the metabolic ward of the Clinical Diabetes and Nutrition Section of the National Institute of Diabetes and Digestive and Kidney Diseases in Phoenix, AZ. RMR was measured twice for 241 subjects in an open circuit, ventilated hood indirect calorimeter. Twenty four hour RQ were measured in a respiratory chamber for 195 of these subjects.
Description of and calibration procedures of the respiratory chamber have been reported in detail (Ravussin et al., 1986) . Metabolic rate was calculated from the rates of oxygen consumption and carbon dioxide production, with the equations of Lusk (1924) . The RMR was the mean energy expenditure during a period of 40 minutes starting at least 15 minutes after placement of the ventilated hood. Twenty-four hour RQ were calculated as the ratio of 24 hour carbon dioxide production to 24 hour oxygen consumption. RMR and RQ data for the subjects who met all NIDDK criteria and eligibility for studies were shared by Dr. Ravussin with the author for the purpose of correlating the data with mitochondrial DNA sequence SNPs (Rowe et al., 1995; Rowe et al., 1997) . RMR and RQ data in Figure 1 are expressed as residual RMR or RQ, defined as the difference between individual RMRs or RQs and the group mean RMR or RQ respectively. Mitochondrial DNA Analysis DNA extracted from lymphocytes from the subjects was provided to the author by Dr. Eric Ravussin and NIDDK and analyzed as follows: ninety-eight percent of the mtDNA protein-coding regions (11,367 base pairs) of two individuals from each of haplogroups B and C were amplified using a series of primer sets for the coding regions, and the amplified DNA was sequenced by the method of Sanger (Sanger et al., 1977) . Thirty four SNP differences were found among the four subjects, of which nine were non-synonymous (Table 1) . Non-synonymous differences found among the four subjects' sequences were examined in all 241 subjects by susceptibility to specific restriction nuclease digestion at six of the SNP sites (#1-TaaI at ND1 3547, #2-HphI at ND2 5460, #3-NdeII at COX2 7859, #7-DdeI at ND3 10398, #8-BsrI at ND4 11177, and #9-MseI at ND6 14318) or by differential PCR amplification at the other three sites, comparing PCR amplification ability with primer sets ending with a match versus a mismatch at the SNP site being examined (#4-G vs C at ATP8 8541, #5-A vs G at ATP6 8584, and #6-G vs A at ATP6 8701).
Taxonomic Sampling and Phylogeny Reconstruction
The complete mitochondrial genomes for 107 mammalian species (samplings from all major orders including 6 Marsupials and 2 Monotremes) were collected from GenBank (listing available upon request) and the 13 protein-coding genes (ND1, ND2, ND3, ND4, ND4L, ND5, ND6, ATP6, ATP8, CYTB, COX1, COX2, and COX3) were parsed from each genome to give 13 data sets, each containing one of the 13 mitochondrial genes for all 107 mammals. Each data set was aligned by AlignmentHelper (McClellan and Woolley, 2004) , which translates the nucleotide sequences into amino acids, aligns the inferred proteins using Muscle (Edgar, 2004) , and uses the resulting alignment as a template for aligning the original nucleotide data. The alignments for all data sets exhibited very few insertions or deletions.
It is assumed that the 13 genes in the mammalian mitochondrial genome have likely evolved according to separate models of evolution. Modeltest version 3.06 (Posada and Crandall, 1998 ) was used to evaluate each of the 13 data sets to determine the most appropriate model of molecular evolution for each gene. The scheme given by the hierarchical likelihood ratio tests in Modeltest for the 13 genes is shown in Table 2 .
The data sets for each gene were then concatenated and partitioned according to the models of molecular evolution (Table 2 ). MrBayes version 3.0b4 (Nielsen and Huelsenbeck, 2002; Ronquist and Huelsenbeck, 2003) was used to reconstruct a consensus tree and calculate posterior probabilities for possible phylogenetic relationships using a Bayesian likelihood criterion. The analysis was allowed to iterate for five million tree generations, sampling a tree every 1,000 generations. A consensus of all the saved trees minus a burn-in of 90,000 tree generations was found by PAUP* version 4.0b10 (Swofford, 2001) . Posterior probabilities of ≥ 90 were Table 1 Non-synonymous SNP differences and consequent amino acid differences in enzyme subunits between haplogroups B and C. This study examines the SNPs (bolded) that are likely to have occurred within the Pima population in recent history. Table 2 Model of the evolution for each of the 13 mitochondrial protein-coding genes given by the hierarchical likelihood ratio tests in Modeltest.
considered well supported. In order to prepare the consensus tree for subsequent analyses, any polytomies in the tree were resolved using the neighbor-joining method (Saitou and Nei, 1987) .
Evaluation of Physicochemical Adaptation
The resulting phylogenetic estimate was used as a historical context to evaluate the physicochemical adaptation profile for the 3 mammalian genes (ND2, COX2, and ATP8) that harbor SNP numbers 2, 3, and 4 by TreeSAAP (Woolley et al., 2003) , which implements the MM01 statistical model (McClellan and McCracken, 2001 ) and the baseml ancestral character-state reconstruction algorithm (Yang, 1997) . A sliding window of 15 codons was used to (1) statistically analyze the data for significant clustering of radical physicochemical shifts resulting from naturally occurring amino acid replacements, (2) identify the amino acid properties that were historically associated with molecular adaptation, and (3) identify the amino acid replacements that likely resulted in adaptation. TreeSAAP categorizes radical changes into eight magnitude categories, 1 being the most conservative and 8 the most radical (Woolley et al., 2003) . In this analysis we only considered amino acid properties with magnitude categories 6, 7, and 8 because these are unambiguously associated with molecular adaptation (McClellan et al., 2005) .
SNP numbers 2, 3, and 4 (Table 1) were compared pair-wise with the revised Cambridge sequence (Brandon et al., 2005) , and each change was characterized biochemically based on the same magnitude categories and nomenclature as performed with TreeSAAP on the 3 mammalian mitochondrial gene data sets. The TreeSAAP results for each of these SNPs were compared to the results of the TreeSAAP analysis of the mammalian mitochondrial data based on the following criteria. If the SNP occurred in a gene region that has been ultimately conserved in mammals, the SNP can be interpreted as being at least somewhat detrimental. This conclusion is based on the idea that if evolution has prevented the fixation of all genetic variation in all mammalian lineages, given their extremely diverse habitats and lifestyles, any extant human polymorphism is likely to be either at least slightly deleterious or selectively neutral, not advantageous.
If, on the other hand, the Pima Indian SNP occurred in a gene region that has been implicated in historical adaptation, the SNP can be interpreted as likely advantageous, especially if at least one or more of the adaptive mammalian amino acid replacements result in property shifts similar to those resulting from the SNP.
Results and Discussion
The nine non-synonymous mtDNA SNPs observed in the sample of the Pima Indian population (N = 241) are shown in Table 1 .
Subunits of two of the five ETS/OXPHOS complexes differ between haplogroups B and C in the population (Complexes I and V). The subhaplogroups within B and C are created by three SNPs (numbers 2, 3 and 4), involving subunits in three complexes (I, IV and V) (Rowe et al., 1997) . The latter three SNPs occurred within the Pima Indian population more recently than the former six SNPs, which occurred prior to migration to the Americas (Herrnstadt et al., 2002) . Figure 2 demonstrates phylogenetically that the Pima Indian population contains the two major mtDNA haplogroups B and C (Herrnstadt et al., 2002) , and branches into five sub-hablogroups (termed C9, C64, C48, B23 and B96) following the formation of this Pima Indian community, possibly during desert habitation.
Recent progress in understanding mitochondrial phylogeny (Herrnstadt et al., 2002) and migrations (Wallace, 2005) demonstrates that the nine SNPs can be separated temporally into those that occurred anciently and those that are more recent.
First, six nonsynonymous SNPs (numbers 1, 5, 6, 7, 8, and 9) separate major haplogroups B and C and are ancient mutations, some suggested to be adaptations to climate during ancient migrations (Mishmar et at., 2003) . Second, three SNPs (numbers 2, 3 and 4) are more recent and separate haplogroups B and C in the Pima population into five subhaplogroups. These SNPs may coincide with the Pima Indian habitation in the Sonora desert. Haplogroup B branches into B23 from B96 with non-synonymous SNP #4, and haplogroup C branches into C9 and C48 from C64 with non-synonymous SNPs #2 and #3 respectively.
The three more recent SNPs are of particular interest regarding selective pressure because they may be associated with adaptation of the Pima Indians to the dietary restrictions associated with the desert environment, which are detrimental in the current environment of calorie over-nutrition. The identification of these three SNPs, and their phylogenetic assignment to more a recent time period, allows us to focus on their polymorphic protein sites to determine the correlation of their properties with the direction of evolutionary pressure and their role in energy efficiency as manifested in RMR and RQ. Selective pressure on these three more recent SNPs is supported by evidence that two of the three SNPs (numbers 2 and 4) dramatically affect RMR and/or RQ as shown in Figure 1 . Regression analysis of the residual RMR and RQ data for each of the haplogroups and subhaplogroups demonstrates that the regression relationship between O 2 consumed and CO 2 produced (the variables in calculation of RMR and RQ) is generally flat for the entire sample population, for haplogroups B and C, and for most sub-haplogroups. However, sub-haplogroups C9 and B23 are dramatic exceptions whose RMR/RQ relationships are very different, having steep slopes in opposite directions from each other.
These subhaplogroups harbor SNP #2 and #4 respectively. Figure 1 demonstrates that the CO 2 produced or O 2 consumed during rest by subjects from sub-haplogroups C9 and B23 do not follow normal metabolic principles. Consuming less O 2 than normal, for example, would indicate a more efficient metabolism. It is therefore of considerable interest to understand the evolutionary selective pressure at these sites to determine whether selection of amino acid properties at each site is consistent with the demonstrated impact on energy metabolism in historical environments of famine.
Phylogeny reconstruction of the protein-coding portions of the mitochondrial genomes of the major orders of mammalian species provided the historical context needed for TreeSAAP to detect selection at the amino acid sites for SNP numbers 2, 3, and 4 ( Table 1 ). The resulting phylogenetic tree with an outgroup comprised of 6 Marsupials and 2 Monotremes is shown in Figure 3 . Tables 3-5 show the TreeSAAP results for the 3 mammalian genes (ND2, COX2, and ATP8) that harbor the 3 more recent SNPs. TreeSAAP indicates the amino acid properties under selection and magnitudes of change for each property throughout mammalian evolution. Also shown in Tables 3-5 are the TreeSAAP results for each individual SNP. TreeSAAP indicates which amino acid properties are affected by the individual SNP, the magnitude of the change the individual SNP produces for each property, and whether the individual SNP increases or decreases each property.
TreeSAAP results for each of the more recent Pima Indian SNPs (numbers 2, 3, and 4, Table 1) were then compared to the results of the TreeSAAP analysis of the mammalian mitochondrial data based on the criteria outlined in the Materials and Methods section of this paper. If the amino acid properties and magnitudes of change ultimately affected by non-synonymous SNPs correspond to properties and magnitudes implicated in the evaluation of the phylogenetic information in the same region of the protein, the two were seen as consistent. As a result, only amino acid properties and magnitudes of change that were manifest both in the TreeSAAP results for the phylogeny and individual SNPs were further evaluated to avoid implicit ambiguities. TreeSAAP results for the mammalian species produced specific information regarding the effect of positive selection on the SNP sites throughout mammalian evolution. Figures  4-6 show the amino acid properties under selection, which were manifest both in the mammalian TreeSAAP results and the individual SNP TreeSAAP results, and the regions where selection has occurred, as well as the 2D or 3D structures for each protein subunit that harbors the three more recent SNPs. Each SNP site is shown to inspect selection within close proximity.
TreeSAAP analysis of evolutionary pressure on the three SNP regions identified, along with TreeSAAP characterization of the biochemical effects of the particular amino acid substitutions in the three affected proteins, can be combined with our understanding of the impact of the substitutions on RMR and RQ in the affected sub-haplogroup populations to discuss their impact on energy efficiency. A discussion of the combination of these data for each SNP follows. Table 3 TreeSAAP results for the mammalian ND2 gene as well as the TreeSAAP results for SNP #2, which is located in ND2. The amino acid property "Alpha-helical tendencies" of category 6 is observed in both results. The SNP decreases this property. Table 4 TreeSAAP results for the mammalian COX2 gene as well as the TreeSAAP results for SNP #3, which is located in COX2. The amino acid property "Power to be at the C-terminal" of category 6 is observed in both results. The SNP increases in this property. Table 5 TreeSAAP results for the mammalian ATP8 gene as well as the TreeSAAP results for SNP #4, which is located in ATP8. The amino acid properties "Buriedness" and "Surrounding hydrophobicity," both of category 6, are observed in both results. The SNP increases both of these properties.
FIG.
3.-The consensus tree, generated by PAUP* from all Bayesian tree generations minus the burn-in returned by MrBayes.
SNP #2 (ND2 5460, A331T)
The Pima Indian protein polymorphism is A331T in the ND2 subunit of ETS Complex I. It is located near the center of a very highly conserved membrane helix near the C terminus, as seen in Figure 4(b) . TreeSAAP analysis shown in Figure 4 (a) indicates that adaptation has not been allowed in this membrane helix nor the extramembrane primary sequence leading into it, indicating an important functional role for the region. The analysis also shows that the ND2 A331T mutation is consistent with a category 6 effect of decreasing the alpha-helical tendency (Table 3) , broadening the surface area for the helix, and allowing more flexible surface area contact with neighboring protein constituents. The interpretation of this is hampered by the absence of threedimensional structures of Complex I subunits. However, this increased flexibility of surface area contact, in a highly conserved region with an important functional role, is consistent with increased efficiency of the role. For example, more effective proton pumping or electron transport could result. Increased efficiency of such roles is consistent with adaptation to restricted caloric intake. This SNP is present in sub-haplogroup C9, and is the only non-synonymous mtDNA SNP separating C9 from all other Pima sub-haplogroups. It therefore is likely the cause of the evidences of energy metabolism differences noted by the slope of the regression line for C9 in Figure  1 . Both the abnormal slope of the regression line and the statistically significant higher respiratory quotient for C9 compared to all other sub-haplogroups (mean RQ for C9 = 0.88 vs mean RQ for all subjects = 0.85, p = 0.02) are consistent with less O 2 being consumed during the chemiosmotic process, demonstrating greater efficiency of energy metabolism. Increased efficiency of energy metabolism as a result of this polymorphism is consistent with the conserved nature of the alpha-helix during evolution and with its broadened surface area and flexibility.
SNP #3 (COX2 7859, D92N)
The protein polymorphism D92N in the COX2 subunit of ETS Complex IV is located near the center of a link between a membrane helix and a globular region on the intermembrane side of the subunit, as shown in Figure  5 (b). TreeSAAP analysis of mammalian data indicated radical changes of category 6 in the amino acid property "power to be at the C-terminal" in this protein region. Furthermore, the analysis showed an increase in this property for the D92N mutation (Table 4) . As seen in figure 5(a) , the SNP falls within a peak of positive selection. An increase of positive selection for "power to be at the C-terminal" indicates an increase in the energy potential of an amino acid to interact with surrounding residues or subunits. Figure 5(b) shows that there are six residues in Complex IV within 5 Å (H-bond length) of the D92N polymorphism with which it interacts. Two are on cytochrome C oxidase subunit VIb (residues 15-Pro and 16-Phe) while four are on the same subunit (COX2 residue . TreeSAAP sliding-window results for the mammalian ND2 protein subunit (amino acid property "Alphahelical tendencies" of magnitude category 6 -window midpoints are plotted on the x-axis). Amino acid site 331 where SNP #2 occurred is annotated. This site falls in a conserved region where no selection has occurred for this property of this category throughout mammalian evolution. (b) ND2 protein subunit transmembrane regions predicted using Sosui (Hirokawa et al., 1998) and visualized using TMRPres2D (Spyropoulos et al., 2004) . SNP #2 is shown in the transmembrane helix close to the C-terminal.
Since evolution has allowed an increase in a property involving interaction with surrounding residues or a subunit, it can be assumed that such adaptation increases the efficiency of the energy metabolism process. TreeSAAP analysis indicates that the COX2 7859 (D92N) polymorphism continues this adaptive direction, possibly associated with increased energy efficiency in an environment of restricted caloric intake.
This SNP separates Pima sub-haplogroup C48 (Figure 2 ) from C64, and there is no indication from metabolic rate or respiratory quotient data that it has an effect on energy metabolism or the efficiency of this complex in the electron transport system (Figure 1) . Notably, there is no indication that it decreases efficiency of mitochondrial energy metabolism, and therefore it may either increase efficiency without affecting RMR or RQ, or it may be a neutral SNP in relation to restricted caloric intake. -(a) TreeSAAP sliding-window results for the mammalian COX2 protein subunit (amino acid property "Power to be at the C-terminal" of magnitude category 6 -window midpoints are plotted on the x-axis). Amino acid site 92 where SNP #3 occurred is annotated. This site falls in a region where selection has occurred for this property of this category throughout mammalian evolution. (b) SNP #3 in the 3D COX2 protein structure (bovine ETS Complex IV) (PDB ID #1OCO) (Delano, 2002) . COX2 is in the upper portion of this image (with the two long alpha-helical chains). Site 92 directly interacts with cytochrome c oxidase subunit VIb (in the lowerright portion of this image). All residues within 5 Å are illustrated.
SNP #4 (ATP8 8541, C59S)
The very interesting protein polymorphism C59S is in the ATP8 subunit of the ATP synthase OXPHOS complex (Complex V). It is located near the C-terminus of the subunit on the matrix side of the membrane, as shown in Figure 6(b) .
TreeSAAP analysis of evolutionary selection in the 107 mammalian mtDNA ATP8 gene sequences is shown in Table 5 . At this site TreeSAAP shows radical changes of category 6, demonstrating selective adaptation regarding the amino acid properties "buriedness" and "surrounding hydrophobicity" around amino acid 59 (Figures 6(c) and 6(d)). "Buriedness" involves interaction with associated ATP synthase complex. ATP8, which contains SNP #4, is known to be located at the base of the stator, functioning as a foundation for the stator stalk (Senior and Weber 2004) . (b) ATP8 protein subunit transmembrane regions predicted using Sosui (Hirokawa et al. 1998 ) and visualized using TMRPres2D (Spyropoulos et al. 2004) . SNP #4 is shown near the C-terminal end of the protein. (c) Sliding-window results for the amino acid property "Buriedness" magnitude category 6 in the mammalian ATP8 protein subunit. (d) ATP8 sliding-window results for "Surrounding Hydrophobicity" magnitude category 6. In both (c) and (d), site 59 is in a region that has experienced adaptation during mammalian evolution.
proteins, and refers to the ability of the amino acid to be embedded within a protein, or the ability to be embedded within surrounding proteins to more closely interact with them. "Surrounding hydrophobicity" also involves the tendency for the residue to be embedded within the protein subunit or complex to avoid contact with aqueous surroundings.
The ATP8 polymorphism C59S showed an increase in these properties by TreeSAAP analysis, indicating that it continues the direction of adaptation to increased "buriedness" and "surrounding hydrophobicity" that mammalian evolution has selected for in the area around amino acid 59 of subunit ATP8 in the ATP synthase complex. To illustrate the effect, Figure 6 (a) shows a three-dimensional structure of the ATP synthase complex from E. coli (Senior and Weber, 2004) . The ATP8 subunit (indicated by an ellipse) has been shown to have significant interaction with several of the F 0 proteins within the membrane and in the matrix portion of the complex as it functions as the foundation for the stator stalk (here designated b 2 ) (Stephens et al., 2003) . The ATP8 protein has been shown to steady the stator stalk in its role of stabilizing the rotor torque associated with proton gradient driven rotation during ATP synthesis. Both increased "buriedness" and "surrounding hydrophobicity" produced by C59S in ATP8 that stabilizes the stator as it stabilizes rotation within ATP synthase are imminently consistent with increased efficiency of energy metabolism in the B23 subhaplogroup of the Pima population. As noted in Figure 1 , the slope and direction of the linear regression line for B23 indicates a significantly increased efficiency of energy metabolism, and the reduced metabolic rate compared to sub-haplogroup B96, while not statistically 
Conclusion
We have identified three SNPs that may have been affected by natural selection in the Pima population resulting in adaptation to a now historical environment of restricted caloric intake. TreeSAAP analysis of positive selection throughout mammalian evolution at these SNP sites, as well as TreeSAAP characterization of the biochemical shift produced by these three amino acid substitutions, demonstrate that two of them, SNP #2, ND2 5460 and SNP #4, ATP8 8541, are consistent with continued selection for increased energy efficiency. This analysis is consistent with RMR and RQ data that demonstrate parameters of increased energy efficiency. We conclude that both TreeSAAP data and RMR/RQ data show a likely increase in the efficiency of the electron transport system and oxidative phosphorylation as an adaptation to restricted dietary calories among the Pima Indians. This may contribute to obesity in the current high calorie dietary environment.
